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摘  要 
高危型人乳头瘤病毒（Human Papillomavirus ，HPV）病毒感染被认为是引
起女性宫颈癌的主要原因。流行病学调查显示 98%的宫颈癌都是由人乳头瘤病毒
（HPV）感染引起，其中约 70％是由 HPV16 或 HPV18 引起。因此，开发一种
安全，有效的 HPV18 疫苗对于预防宫颈癌具有重大的意义。 
首先，本研究构建了高效 HPV18L1 蛋白大肠杆菌原核表达系统。利用该表
达系统，HPV18 L1 蛋白能够以可溶性形式表达，保留了其天然的表位。 
其次，本研究还还针对大肠杆菌来源的 HPV18 L1 蛋白建立了一套高效，易
于放大的纯化工艺，以及类病毒颗粒体外组装工艺。根据该工艺所制备的 HPV18 
VLPs 疫苗纯度达到 98%以上，各项鉴定指标均符合药典要求。且动物实验显示，
该疫苗具有高度的免疫原性，在实验动物体能能诱导高滴度的 HPV18 中和抗体。 
本研究在成功制备 HPV18 VLPs 疫苗的基础上，利用假病毒中和模型，一
共鉴定出 HPV18 中和单抗 6 株，而后通过阻断实验进一步确定了优势中和单抗
11A9 以及 3C3。为了进一步阐明 11A9 单抗的中和机制，结合位点，在本研究
对 HPV18 VLPs 进行了冷冻电镜观测，初步了解 HPV 18 VLPs 的结构模式。此
外， 还进一步制备了 11A9-HPV18 VLPs 抗原抗体复合物以备进一步进行冷冻电
镜研究。 
总之，本研究利用大肠杆菌表达系统制备了一种廉价，有效的 HPV18 VLP 
























High risk Human Papillomavirus（HPV） such as HPV16, 18, 31, 33, 35, and 45 
are associated with the development of the cervical cancer. HPV18, the second most 
common cause of cervical cancer is more frequently detected in adenocarcinoma and 
the incidence of which is increasing. So, effective vaccine against HPV 18 would 
greatly reduce cervical cancer incidence. 
In this study, a hight efficient HPV18 L1 prokaryotic expression system was 
established. HPV18 L1 can be expressed in soluble form and keep native 
conformation.  
A easy sacel-up process to purify and assemble bacterially expressed HPV18 L1 
was established too. And all the test items fuifiled the criterions of the Pharmacopoeia 
of PRC. And animal experiment data showed bacterially expressed HPV18 VLPs can 
induce high titer neutralizing antibodies , and be able to induce protective immunity to 
papillomavirus infection 
 In the base of HPV18 VLPs vaccine, mabs to HPV18 were screened. Six 
neutralizing antibodies were identified, and 11A9, 3C3 were regarded as predominant 
antibody by blocking experiment. To investigate the neutralizing pattern and binding 
stites of 11A9, the structure of HPV18 VLPs was studies with CryoEM and the 
11A9-HPV18 VLP complex was prepared for further CryoEM study. 
Anyway, in this study an effective HPV18 VLPs vaccine was prepared in a 
low-cost and easy scale-up manner. Two predominant neutraliziong antibodies were 
identified. The neutralizing mechanism of 11A9 was studied. All of these provided 
useful informations to HPV vaccine design. 
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前  言 
一、HPV 病毒概述及研究进展 
1.1.HPV 概述 
















图 1.1：HPV 的分型 































图 1.2：HPV 基因组结构示意图 
Fig 1.2：Schematic of the human papillomavirus genome 
 


















型的 HPV 的长调控区变异及对转化蛋白表达的调控成为了目前研究的热点。 
HPV 的基因组结构与 PV 家族中其它型别的存在区别，如在早期区中缺少
E3，E8。其早期区可编码 6 个早期蛋白 E1、E2、E4、E5、E6、E7，分别参与
病毒的基因组复制、转录、翻译调控和细胞转化等功能。其中，E1 具有 ATPase
酶和解螺旋酶活性，可作为病毒 DNA 复制延伸因子参与病毒 DNA 复制[8]。E2
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图1.3 HPV L1 及自发组装形成的VLP 
Fig1.3：View of L1 and the molecular surface of the atomic model colored 
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